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Abstract 
The scope of the research is the possibility of winning titanium metal using electrolysis in molten alkali metals at the temperature 
of 550...700 deg. C. The resulting powder Ti composition is determined using spectral analysis methods and mass spectrometry 
with inductively coupled plasma. There is proven evidence that titanium metal can be recovered from ammonium fluorotitanate 
akin to the zirconium metal process. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Industry is showing greater interest in the development of new methods of titanium manufacture to replace the 
Kroll process created in the 40s of the 20th century5. There are many articles devoted to TiO2 electrolysis in 
chlorides or fluorides of molten alkali metals, but due to low solubility of titanium dioxide (0.02-0.07%) in melts this 
method is not suitable for commercial winning of titanium2–4. Electrolysis of titanium chloride compounds is of great 
interest. TiCl4 is its most available form. The process of TiCl4 winning is rather popular and massively reproduced 
on a commercial scale. Titanium tetrachloride solubility can reach up to 2% w/w at 800 deg. C, which does not 
encourage high production rates. Due to the existence of three instable oxidation levels for titanium and 
disproportionation reactions, chloride melts usually result in powder- or tree-like deposits3. Fluoride melts are 
marked by two oxidation states only. A number of studies are focused on titanium electrolysis from K2TiF6, from 
fluoride and fluoride-chloride electrolytes4. In the course of the process the electrolyte composition is changed 
significantly, which requires frequent adjustments.  
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Thus, introduction of a commercially viable electrolytic-based method of titanium winning is possible only when 
the following conditions are respected: affordable and easily accessible raw materials, stable composition of the 
electrolyte, low process temperatures. Ammonium hexafluorotitanium technology of titanium winning from ilmenite 
concentrates is tested on pilot plant and is ready for commercial use. This article summarizes the results of metallic 
titanium electrolytic technology studies. 
2. Research Object Selection Rationale 
There are several reasons why the alkali metal fluoride LiF-KF-NaF (46.5-42.0-11.5% mol) was chosen to be the 
electrolyte. These are: low eutectic melting point (454 deg. C), composition invariability during the process, high 
reduction potentials of alkali metals on the cathode. To determine the infusion form of titanium compounds in the 
molten electrolyte the DTA method was used. We investigated the mass variation dependence of the mixture 10% of 
(NH4)2TiF6 + electrolyte.  Preparation of electrolyte was carried out according to 1.  After the mixture was heated to 
350 deg. C we observed complete decomposition and volatilization of titanium in TiF4 form. Accordingly, this 
compound cannot be used as the source of titanium. Titanium trifluoride is characterizes by the sublimation 
temperature of 1230 deg. C, suggesting its full interaction with the melt at the electrolyte operating temperature of 
700 deg. C. Therefore, (NH4)3TiF6 was chosen as a primary component. DTA analysis data is shown in Fig 1. Ti4+ to 
Ti3+ conversion technology is easily implemented with the help of water electrolysis8. Previously we have 
demonstrated that (NH4)3TiF6 output in the final product is 85-88%, and the share of trivalent titanium in it is not 
less than 95% (according to the radiographical data). DTA analysis suggests that when the mixture 10% (NH4)3TiF6 
+ electrolyte is heated, the mass of the mixture decreases by the value of  NH4F loss. So, the infused titanium has the 
valence of 3+ and is fully soluble in the bulk. 
 
Fig. 1. Change in mass of mixtures upon heating: а) 10% of (NH4)2TiF6 + electrolyte б) 10% of (NH4)3TiF6 + electrolyte 
To determine the quantity of the component to be input into the electrolyte, visual-polythermal method and DTA 
method were used. For the dependence diagram refer to Fig. 2. 
Based on the DTA analysis results we found out that, despite of the fact that quite much (NH4)3TiF6 is infused 
(with TiF3 share up to 20%), the melting point of the mixture increases by 5÷8 deg. C only. 
Heating of the primary salt (NH4)3TiF6 may lead to the following interaction reactions with fluorides of alkali 
metals:  
 3KF + (NH4)3TiF6 = K3TiF6 + NH3↑ + HF↑ (1) 
 3NaF + (NH4)3TiF6 = Na3TiF6 + NH3↑ + HF↑ (2) 
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 3LiF + (NH4)3TiF6 = Li3TiF6 + NH3↑ + HF↑ (3) 
In some cases more complex compounds may be formed 
 2KF + NaF + (NH4)3TiF6 = K2NaTiF6 + NH3↑ + HF↑ (4) 
 
 
Fig. 2. Relationship of FLINAK melt’s TiF3 to temperature. 
Since dissolution of (NH4)3TiF6 in LiF-KF-NaF melt results in a mixture of complex potassium, sodium and 
lithium fluorotitanates, it is rather difficult to calculate, which titanium reduction mechanism will occur.  
Possible reactions on the cathode: 
 К+ + е = К0 ; Е = 2.8 V (5) 
 TiF63– + 6е = Ti0 + 6F– ; Е=1.75 V (6) 
 3К+ + TiF63– = TiF3 + 3KF (7) 
Titanium trifluoride formed on the cathode according to reaction (7) is reduced to metallic Ti 
 Ti3+ + 3e = Ti0 ; Е = 1.65 V (8) 
3. Experimental Part 
To complete experimental studies of the process of electrowinning of titanium (NH4)3TiF6 a pilot plant (Fig. 3) 
was assembled. It consists of a sealed electrolysis cell:  it has a corundum crucible body with a water-cooled  metal 
cover on the top. There is a PTFE plate with entrances for thermocouple, anode and cathode attached to the cover. 
The cover is also equipped with argon input nozzle, process gas discharge nozzle, cooling water input and output 
nozzles. Glassy-carbon crucible located inside the plant serves as the anode. It has the volume of 50 ml. The cathode 
is a nickel rod with the diameter of 4 mm. 
4. Experimental Procedure 
We mixed 50 g of prepared electrolyte with 10 g of (NH4)3TiF6. After gomogenization the powder was put into 
the glassy-carbon crucible.  We used the same composition for all experimental runs. After volatilization of 
ammonia and hydrogen fluoride the powder contained 7.5% of TiF3 by weight. The assembled electrolysis cell with 
the mixture inside was argon-purged and heated to the temperature of 550 deg. C, which took approximately 30 
minutes. At the next step the cell was held for 1 hour to volatilize ammonia and hydrogen fluoride. After that initial 
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conditions were set up. Electrolysis lasted for the following 4 hours. The resulting cathode deposit was crushed and 
analyzed for Ti content. The experimental results are summed up in Table 1. 
 
 
Fig. 3. Laboratory electrolysis cell layout: 1 – body; 2 – glassy-carbon crucible; 3 – cathode; 4 – heater; 5 – argon cylinder; 6 – infeed unit; 7 – 
feeder; 8 – gas adsorber; 9 – vacuum pump; 10 – power supply. 
Table 1. Results of experiments. Titanium electrolysis in FLINAK melt 
Experiment Temperature Current Uaverage, 
V 
Deposit, 
g 
Ti content in 
sample, g 
%Ti in deposit  Theoretical 
current efficiency 
for Ti, g 
% of current 
efficiency  
1 530 1.0 2.8 0.18 0.03 16.6 2.387 1.6 
2 580 1.0 2.66 1.8 0.38 21.1 2.387 15.9 
3 630 1.0 2.4 2.04 0.46 22.6 2.387 19.3 
4 680 1.0 2.33 1.86 0.43 23.1 2.387 18.0 
5 730 1.0 2.0 1.82 0.41 22.5 2.387 17.1 
6 630 0.5 3.0 0.15 0.03 20.0 1.194 2.5 
7 680 0.5 2.27 0.58 0.12 20.6 1.194 10.0 
8 730 0.5 1.7 0.57 0.11 19.3 1.194 9.2 
9 630 0.25 2.3 0.1 0.01 10 0.597 1.6 
 F.A. Voroshilov et al. /  Procedia Chemistry  11 ( 2014 )  101 – 106 105
The studies were carried out in galvanostatic mode. The DC power source PSH-2035 that we used allowed for 
recording of voltage fluctuations on the electrodes during the experiment. The resulting potential was in the range of 
1.7 … 2.8 V, depending upon the experiment conditions. For the image of the cathode deposit after electrolysis refer 
to Fig. 4. 
 
 
Fig. 4. Photo of the cathode deposit obtained at Т = 630 deg. C,  I = 1 А. 
5. Results and discussion 
The findings suggest that titanium metal can be obtained from (NH4)3TiF6 by electrolysis in molten alkali metals.  
The experiment results prove that the optimum temperature range for the process is 650…700 deg. C. At specific 
current density of 0.3А/cm2 we managed to obtain maximum titanium emission to the cathode deposit (23.1% w/w). 
The metallic titanium obtained as the result of the experiments is characterized by fine-crystalline structure and is 
heavily polluted by the electrolyte material. Having been cleaned from electrolyte rests, the metallic titanium 
powder was measured for the particle sizing using electronic microscope. The sizing range is 30…50 microns. 
Cleaned grey powder was subjected to annealing in a vacuum oven for one hour at the temperature of 1500 deg. C 
and then melted in an argon gas electric arc furnace. The resulting titanium metal regulus was analyzed by scanning 
electron microscope Hitachi S-3400N with an attachment for microanalysis. On the sample cut (Fig. 4a) one can see, 
that the inner structure of the regulus is monolithic with few pores. To obtain a purely monolithic form of titanium a 
second remelt is required.  For the microanalysis results refer to Fig. 4b. 
 
a)  b)  
Fig. 4. The results of microanalysis: a) micrograph of titanium powder melt in argon gas atmosphere; b) spectral analysis of sintered titanium 
obtained in electrolysis process. 
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6. Conclusion 
During the electrowinning of titanium from (NH4)3TiF6 a fine-crystalline metal powder with particles as large as  
30 … 50 microns is formed in the melt of alkali metal fluorides.  Titanium content in the cathode deposit is 
20…30%. The next task is to find an effective way to separate the titanium powder from the electrolyte so that 
electrolyte can be returned to the electrolysis cell. Dissolution in water leads to the formation of great bulk due to 
low solubility of LiF in water, what is undesirable for commercial production. The titanium regulus has the same 
impurity level characteristics as VT-1 alloy, so after vacuum distillation the powder can be either pressed using 
powder metallurgy methods or used in the manufacture of pressed electrodes for further remelting.  
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